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Abstract—We propose a PON solution to reach 32 Gbps over a 
traditional high loss downstream splitter-based optical 
distribution network (ODN) without using multiple wavelengths 
at the OLT side nor massive digital signal processing at the ONU 
side. The achieved 32 Gbps capacity is not too far from the 40 
Gbps given by a 4-wavelengths TWDM-PON but completely 
avoids the handling of multiple wavelengths thanks to a higher 
electrical spectral efficiency and some system optimization.  
 
Index Terms— Passive Optical Network, FDMA, NG-PON2. 
I. INTRODUCTION 
HE next generation standard for PONs is currently under 
ratification by ITU-T under Recommendations G.989.x 
[1], usually indicated as NG-PON2. In order to reach its initial 
target of delivering 40 Gbps downstream (DS), G.989 will be 
based on four wavelengths DS transmission (called TWDM-
PON or Time and Wavelength Division Multiplexed PON), 
where each wavelength will carry 10 Gbps with the same 
characteristics as the previous XG-PON standard [2]. TWDM-
PON will introduce a “revolution” in PONs, since it will 
require, for the first time, the handling of several dense WDM 
(DWDM) lasers (the grid will likely be the usual 100 GHz 
ITU-T grid). These lasers (and the related optical filters) must 
have a few GHz accuracy, while all lasers used in PONs so far 
had a very large spectral tolerance masks of the order of 
several nanometers. The future TWDM-PON lasers will thus 
have basically the same technical requirements as long-haul 
100 GHz grid lasers in terms of wavelength accuracy, but their 
cost (in terms of both CAPEX and OPEX) should be much 
smaller to be successfully used in the ultra-low cost PON 
market. As clearly pointed out in [3], this is for the moment a 
tremendous engineering task, for which the technological 
solution is not yet available, since the CAPEX should be 
reduced by at least one order of magnitude compared to 
DWDM long-haul lasers [3]. The ITU-T rationale towards 
using WDM in PONs was strictly connected to the key 
decision of sticking with the traditional binary On-Off Keying 
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(OOK) modulation with direct-detection, for which it is today 
well known that the 10 Gbps is a sort of “natural barrier” if the 
system has to work up to 20-40 km of uncompensated SMF 
(another must in ITU-T PONs), due to the joint effects of 
chromatic dispersion and electrical bandwidth limitations of 
low cost optoelectronic transceivers. In these systems, the 
available electrical-to-electrical 6 dB bandwidth is hardly 
above 7-8 GHz, so that sticking with OOK it is really difficult 
to go above 10 Gbps, also considering the high Optical 
Distribution Network (ODN) loss requirements, such as the 31 
dB or more specified for the highest ITU-T PON classes [2]. 
In this work we had achieved a solution that largely beat this 
“10 Gbps per wavelength” barrier using a frequency division 
multiple access (FDMA) approach considered inside the EU 
project FABULOUS [4] and the Italian project ROAD-NGN, 
whose architecture is described in detail in [5],[6].  
In particular, this paper shows the transmission of 32 Gbps 
over a PON DS link with the following characteristics: 
• single wavelength transmission: this is the key point of 
the proposal in this paper. Our benchmark is the TWDM-
PON capacity: we show a capacity that are not too far (32 
Gbps vs. 40 Gbps) but using only one wavelength in DS; 
• available electrical-to-electrical 6 dB bandwidth of less 
than 7 GHz (using standard optoelectronic components 
that are currently used for 10 Gbps OOK); 
• ITU-T ODN compliant up to very high ODN loss (34dB); 
• multiplexing based on FDMA, where each electrical 
subcarrier is 16-QAM modulated and dedicated to an 
Optical Network Unit (ONU); 
• digital signal processing (DSP) is required for both  the 
OLT and the ONU, to handle the proposed transmission 
format but, as clearly shown in [6] and in [7], the ONU 
requires to detect only a sub-band of the received signal, 
so that the required ONU DSP (and the related analog-to-
digital ADC) can run below 1 Gsample/s. Interestingly, 
the ONU DSP is identical to the one required in the area 
of the “Wireless USB”, whose chipsets, using the UWB 
technology, are extremely cheap and thus completely 
compliant with the ONU costs [7]. For what concerns the 
OLT side, a detailed comparisons of FDMA  and TWDM 
in terms of the techno-economics pros and cons is very 
complex, and is currently under study. 
The novelty of our papers can be summarized as follows: 
• compared to previous works inside the same project, such 
as [6], we found ways to greatly improve the maximum 
Single-Wavelength Downstream FDMA-PON at 
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